Considerable evidence suggests that distinct neural processes mediate the acquisition and performance of goal-directed instrumental actions. Whereas a cortical-dorsomedial striatal circuit appears critical for the acquisition of goal-directed actions, a cortical-ventral striatal circuit appears to mediate instrumental performance, particularly the motivational control of performance. Here we review evidence that these distinct mechanisms of learning and performance constitute two distinct 'streams' controlling instrumental conditioning. From this perspective, the regulation of the interaction between these 'streams' becomes a matter of considerable importance. We describe evidence that the basolateral amygdala, which is heavily interconnected with both the dorsal and ventral subregions of the striatum, coordinates this interaction providing input to the final common path to action as a critical component of the limbic-motor interface.
Introduction
Research on instrumental conditioning is concerned with the acquisition and performance of actions that control the environment to gain access to commodities of motivational significance. The learning processes associated with the acquisition of instrumental actions have been divided into those mediating goal-directed actions and those controlling habits and although, with regard to performance, these are redundant (both can control actions with broadly similar topographies), psychologically they reflect the operation of functionally distinct associative processes governed by different learning rules. In this review we will be primarily concerned with goal-directed actions, which are flexible, rapidly acquired actions the acquisition and performance of which is mediated by the formation of action-outcome associations (cf. Balleine, 2001; Dickinson & Balleine, 1994) .
Although, from a behavioral perspective, learning and performance are clearly distinct processes -learning does not necessarily result in performance and, as noted above, performance can be mediated by more than one kind of learning -it has been research into the neural bases of goal-directed action that has demonstrated that they are not only distinct functionally but also structurally. Historically, two apparently independent networks have been proposed to control goal-directed action, one centered on the dorsal and the other on the ventral striatum, and, as a consequence, one might wonder whether there is widespread redundancy in the brain with regard to this capacity or whether perhaps some larger organizing principle can be established. We will argue the latter; that whereas a dorsal cortico-basal ganglia network centered on the dorsomedial striatum mediates the acquisition of goal-directed actions, a parallel ventral network centered on the nucleus accumbens controls their performance (cf. Fig. 1 ). There is an analogy in this dorsal and ventral division to research in the visual system in which visual information is processed by distinct dorsal and ventral 'streams' within the mammalian brain (e.g. Creem & Proffit, 2001; Goodale & Milner, 1992; Mishkin, Ungerlieder, & Macko, 1983; Ungerleider & Mishkin, 1982) , the 'dorsal stream' guiding actions based on an object's spatial location, and the 'vental stream' mediating object recognition and form representation (Kravitz, Saleem, Baker, & Mishkin, 2011) . With regard to research on the neural basis of goal-directed action we propose that analogous dorsal and ventral 'streams' can be discerned, although in this case mediating 'learning what to do' and 'deciding when and where to do it', respectively.
In what follows we will discuss the evidence for this division and elaborate on the neural circuits or 'streams' that subserve these distinct functions. In doing so, we will rely heavily on earlier anatomical studies describing connections between various parts of these networks. Where such studies are ambiguous or
